The present study aimed to measure the activity concentration of natural radionuclides in the locally used building materials from Kilpenthaur, Tiruvannmalai Dist, Tamilnadu, India was investigated with an aim of evaluating the radiation hazard arising due to the use of these materials in the construction of dwellings. The concentrations of natural radionuclides Ra, Th and K in four types of building materials have been measured by gamma spectrometry using NaI (Tl) 3" x 3"detector. The estimated radium equivalent activity (Ra ), criteria formula (C ), indoor absorbed gamma dose rate (D ), annual effective dose rate (H ), annual eq R R R
INTRODUCTION
industry products (e.g. power plants, phosphate fertilizer
The natural radioactivity present in the environment source of radiation to the inhabitants in their dwellings, is the main source of radiation exposure for humans and they also have the role of a shield against outdoor constitutes the background radiation level [1] . It is a radiation [3] . well-established fact that construction materials contain
The knowledge of natural radioactivity levels is a trace amount of natural radioactivity, which may useful in order to set the standards and national contribute significantly towards an increased radiation guidelines in the light of international recommendations. dose received by human beings. The most commonly Due to the increasing social concern, a large number of encountered radionuclides in the construction materials research groups are engaged in the measurement of are Ra, Th, their decay products and K. Therefore, natural radioactivity on national as well as worldwide 226 232 40 it is important to measure the concentration of these levels [3] [4] [5] [6] [7] [8] [9] [10] . radionuclides in soil and building materials.
In the present work, the concentrations of natural Construction materials are derived from both radionuclide were measured in ten building materials natural sources (e.g. rock and soil) and waste products samples that are used commonly in Kilpenathur, in the (e.g. phosphogypsum, alum shale, coal fly ash, oil shale Tiruvannamalai Dist, Tamilnadu, India, by means of ash, some rare minerals, certain slugs etc.) and also from gamma-ray spectrometry. The potential radiological and oil industry) [2] . Although building materials act as a hazards associated to those materials were assessed by energies were considered to arrive at the radioactivity calculating the radium equivalent activity (Ra ), criteria levels of K, Ra and Th, respectively. The minimum eq formula (C ) indoor absorbed gamma dose rate (D ), detectable activity (MDA) of each of the three primordial R R annual effective dose rate (H ), the external (gamma) (H ) radionuclides was determined from the background R ex indexes. The obtained results were compared with the radiation spectrum obtained for the same counting time as recommended values to assess the radiation hazards to was done for the soil samples and is estimated as human due to building materials and these results were 2. Gamma Ray Spectrometric Analysis of Samples: A 3"x3" Table 1 . Fig. 1 Shows the Different types of building NaI (Tl) scintillation detector has been used for spectral materials V Activity Concentration. As it is observed measurements to enable one to cover the energy spectrum from table 1, the ranges of mean values of natural of the naturally occurring radionuclides up to 2.6 MeV radionucides concentration in building materials differ ( Tl, a daughter product of Th). The detector is from one country to another depending on the soil and 208 232
shielded by 15 cm thick lead on all sides including top to raw materials used for their formation. reduce background due to cosmic ray component by almost 98%. The inner sides of the lead shielding is lined Radium Equivalent Activity (Ra ): The distribution of with 2 mm thick Aluminium. Standard sources of the natural radionuclides in the samples under investigation primordial radionuclides obtained from IAEA in the same is not uniform. Therefore, a common radiological index has geometry and having the same density, as that of the been introduced to evaluate the actual activity level of prepared soil samples, were used to determine the Ra, Th and K in the samples and the radiation efficiency of the detector for various energies in the hazards associated with these radionuclides. This index is prescribed geometry. The prepared samples were placed usually known as radium equivalent activity [11] . on top of the 3"x3" NaI (Tl) detector. Using the gamma ray spectrometer and multichannel analyzer, count spectra Ra (Bq kg ) = A + the values of Ra in the studied samples are found to be the formula eq lower than the criterion limit of 370 Bq kg [14] . The 1 results of this study show that the average value of Ra eq obtained for the building materials is 87.65 Bq kg which (2) 1 is less than the recommended value (370 Bq kg ) and the whereA , A and A are the activities of Ra, Th and 1 studied building materials do not pose a radiological K, respectively, in building materials in units of Bq kg . hazard when used for construction of buildings. Table 3 Calculating the sum of the three quotients, the values lists the comparison between activity concentrations and for the samples in the present study ranged from 0.066 radium equivalents (Bq kg ) in different type of building (out-door occupancy factor) × 0.7 Sv Gy (conversion of Egypt was found to be 2398 mSvy [19] . This value is 1 factor)×10 higher than our results. Fig. 3 [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] 2015 Activity Utilization Index (AUI): Building materials act as dose 0.3 mSv y [21] . This indicates that these materials sources of radiation and also as shields against outdoor can be safely used for the construction of buildings. Fig.  radiation [20] . In massive houses constructed of various 4 Shows the various types of building materials building materials, such as stone, bricks, concrete or VsActivity utilization index values. granite, the factor that most strongly affects the indoor absorbed dose is the activity concentrations of natural Representative Level Index (RLI): To estimate the level of radionuclides in those materials, while the radiation gamma radioactivity associated with different emitted by outdoor sources is efficiently absorbed by the concentrations of certain specific radionuclides, known as walls. Consequently, dose rates in indoor air will be the representative level index [14, [22] [23] [24] , the formula is elevated according to the concentrations of naturally given as: occurring radionuclides in the construction materials that are used. To facilitate the calculation of dose rates in air K rate in air attributed to gamma radiation from the actual concentrations of these radionuclides. In the NEA-OECD Excess Lifetime Cancer Risk (ELCR): Another (1979) [14] report, the typical activities per unit mass of radiological parameter, the excess lifetime cancer risk Th, Ra and K in building materials, A , A and A , (ELCR), was calculated using the following equation [26] 232 226 40 Th Ra K are reported to be 50, 50 and 500 Bqkg , respectively. and is presented in Table 2:   1 The activity utilization index is weighted for the mass proportion of the building materials in a house by ELCR = HR × DL × RF (8) multiplying the characteristic activity associated with each material by a factor wm, which represents the where HR, DL and RF are the annual effective dose fractional usage of those materials in the dwelling. To be equivalent, duration of life (70 years) and risk factor more specific, full mass utilization (wm=1) of a given (0.05 Sv ), respectively. The risk factor is defined as the material implies that all building materials used in a model fatal cancer risk per sievert. For stochastic effects, the masonry house are composed of this specific material.
ICRP 60 uses a value of 0.05 for the public [26] . The Half mass utilization (wm=0.5) means that 50% of the calculated range of ELCR is 0.177×10 (KPB-3) masonry mass is composed of the material considered and 0.591×10 (KPSO-1) with an average of 0.317×10 for so on. For full mass utilization of a model masonry house five types of building materials. The average ELCR values (A =A =50 Bqkg and A =500 Bqkg ), the activity are slightly higher than the world average (0.29×10 ) [16] .
utilization index is unity by definition and is deemed to Fig. 4 Shows Different types of building materials Vs imply a dose rate of 80 nGyh [20] . The studied building Excess lifetime cancer risk values. 1 materials can be evaluated in terms of whether they can be used for building construction by calculating the activity Radiation Hazard Indices: Beretka and Mathew (1985) [11] utilization index. The activity utilization index of the defined two indices that represent (i) the internal radiation building materials was calculated using Eq. (6). The hazard, H (ii) the external radiation hazard, H , which are calculated values (Table 1 ) range from 0.33 (KPB-3) to discussed in this section. The 10 and 11 columns of 1.112 (KPB-4) with an average of 0.577. These values Table 2 show the internal radiation hazards and external satisfy AUI < 2, which corresponds to an annual effective radiation hazards. 
Internal Radiation Hazard (H ):
In addition to the external from radiation hazards. Fig. 5 shows the Different in radiation hazard they pose radon and its short-lived types of building materials and Internal radiation daughters are also hazardous to the respiratory organs.
hazard (H ). The internal exposure caused by radon and its daughter products is quantified by the internal hazard index H , External Radiation Hazard (H ): The external hazard in which has been defined as shown below: index is another criterion to assess the radiological (9) a hazard index for the external gamma radiation dose from
The internal hazard index is defined to reduce the acceptable maximum concentration of Ra to half the (11) 226 value appropriate to external exposure alone. For the safe use of materials in the construction of dwellings, the following criterion was proposed by Krieger (1981) suggested by the Radiation Protection Authorities in more than 0.3 mSv [32] . Dose rates higher than 1 mSvy Denmark, Finland, Iceland, Norway and Sweden [29] .
should be permitted only in some very exceptional cases This upper level is in agreement with the action level in which the materials are used locally. The index I was given by the ICRP in Publication 65 (1994) [30] and by the estimated using Eq. (13) . The distribution of the values of European Commission (EC, 1990) [31] . As can be I for the building materials analyzed in this work is observed from Table 2 , the values of the alpha index in the presented in Table 2 . The gamma index I for the building studied samples are below the recommended limit, i.e., materials varies between 0.182 (KPB-3) and 0.609 I <1, Therefore, radon inhalation from the brick, clay, soil, (KPSO-1) with an average of 0.325. Therefore, the annual and sand cement samples under investigation is not so effective dose delivered by the building materials is large as to restrict the use of these materials in smaller than the annual effective dose constraint of 1 construction. Fig. 6 Shows the Different types of mSvy . Therefore, these building materials can be buildingmaterials VsAlpha index (I ).
exempted from all restrictions concerning radioactivity.
Gamma Index (I ):
Another radiation hazard index, the Gmma index (I ). gamma activity concentration index, I , has been defined by the European Commission (EC) and Righi and Bruzzi CONCLUSION (2006) [28] and is given as: (13) have been measured in four types of building material
The index I is correlated with the annual dose spectrometry. The results show that the activity rate attributed to excess external gamma radiation concentrations in all the samples were within the caused by superficial material. Values of I 2 correspond acceptable limits. The radium equivalent activity was well to a dose rate criterion of 0.3 mSvy , where as 2<I >6 below the defined limit of 370 Bq kg . The calculations of 1 corresponds to a criterion of 1 mSvy [31, 32] . Thus, criteria formula (C ), indoor absorbed gamma dose rate 1 the activity concentration index should be used only (D ), annual effective dose rate (H ) and the external as a screening tool for identifying materials that and internal hazard indices show well below the might be of concern when used as construction materials; although materials with I >6 should be avoided, these values correspond to dose rates higher than 1 mSv y [33], which is the highest dose rate value 1 recommended for the population [16] . The European One of the auther (R. Ravisankar) wishes to express his high gratitude to Dr. B. Venkatraman AD, RSEG, IGCAR for giving his permission to use the nuclear counting facility in RSD and also Mr. R. Mathiarasu, Scientific Officer, RSD, IGCAR, Kalpakam, India for his technical help in counting the samples. Our special thanks to Dr. M. T. Jose, Head, RSD, IGCAR for his keen help, constant encouragements in Gamma ray spectroscopic measurements.
